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INTRODUCTION

where CTu is root-mean-square value of the velocity field and Tz is
the measured average zero up-crossing period for the random
fluid velocity. This definition of KCr is consistent with the defini
tion presented by Moe (1990) for irregular wave flows. In addi

tion, a statistical frequency parameter, [3" similar to the [3 defined

in sinusoidal experiments, is defined based on Tz and is related to
KCr and Rer by:

All the random flow experiments presented here have a spectral
width parameter, q, of 0.27 to 0.28. The spectral width parameter
is a measure of the dispersion of the velocity power spectral den
sity about its central frequency.

A cycle-by-cycle time domain analysis based on zero up-cross
ings of the measured fluid velocity signal was used to analyze both
sinusoidal and random flow data. Values of KC' = a'T'/D, Re' =
a'Dlvand [3' = D21vT' are computed for each cycle. Note that in

dividual cycle values are denoted here by a prime (') symbol. The

SUMMARY OF RESULTS

Sinusoidal and random flow experiments were conducted for
two different smooth cylinders with diameters of 18 and 25 mm.
The sinusoidal flow experiments are summarized in Table 1 based
on the range of Keulegan-Carpenter number, KC, Reynold's num
ber, Re, and on the value of the frequency parameter, [3.Measured
signals from the differential-pressure, displacement and X- Y force
transducers were digitized at a rate of 2500 Hz during the sinu

soidal experiments to achieve at least 720 samples per cycle of
3.41 Hz fluid velocity oscillation.

The results from four random oscillatory flow experiments are

summarized in Table 2 in terms of the values of KC" Rer and [3r.

For each random flow experiment, the fluid acceleration was con
trolled by specifying an acceleration control spectrum based on a
normalized form of the Pierson-Moskowitz spectrum. Experi

ments were then conducted for desired KCr and [3r (or Rer) values
by varying the magnitude of the control spectrum. Digital time se
ries records of 1024 points were collected from the transducers
with a sample interval of 2.5 milliseconds. The resulting velocity
spectra for Cases 1 and 2 are shown in Fig. 2. The measured peak

frequency,fp' for the velocity spectra was found to be 3.125 Hz.
(Note that the resolution was 0.3906 Hz and the acceleration con

trol spectrum had a peak frequency set at 3.4 Hz, which is approx
imately equal to the damped natural frequency of the oscillatory
flow apparatus. Also, the values of mean zero up-crossing period
in Table 2 are 0.2803, 0.2719, 0.2774 and 0.2773 s.)

velocity scale used to compute KC' and Re', a', is based on the
fundamental (Le., lowest) mode of a Fourier series expansion of
the velocity signal measured in each cycle of data. For a typical ex
periment, the average difference between the KC' value defined
using a, and that using a velocity scale based on a Fourier series
with up to six sine and cosine coefficients, was only 4.1 %. Use of

the fundamental mode to compute KC' in each cycle provides a
consistent scale for comparing random and sinusoidal flow results.

Within each cycle the least-squared-error Cd and Cm values for a
Morison equation model of the in-line force are determined. The
root-mean-square and maximum in-line and transverse force coef
ficients are determined directly from the measured force data. Note

that each random flow experiment is globally parameterized by

values of KCr and [3r (or Rer) defined in Eqs. 1 and 2.

(2)

(1)Rer = ..fi CTu D
v

In this note, hydrodynamic forces induced under random oscil
latory flow are compared to those induced under sinusoidal oscil

latory flow conditions by focusing on experimentally measured
force coefficients for the in-line and transverse forces. A

schematic of the laboratory setup used in the present investigation
is shown in Fig. I, A transition nozzle is used to converge a re
versing flow from a circular piston section (0.305 m dia) to a
square cross-sectional test section where test cylinders are sus
pended horizontally by X- Y strain-gauge force transducers (Detail
A-A' in Fig. 1). The length of the test section is 0.762 m and the
square cross-section is 0.219 m on the side. Bulk fluid velocity is
determined by integrating an acceleration signal deduced from a
differential-pressure (Lip) transducer sensing taps on the test sec
tion floor. Further details concerning the experimental setup and
operation can be found in Longoria (1989).

Each random flow experiment is parameterized by a statistical
Keulegan-Carpenter number, KCr, and a statistical Reynold's
number, Re" defined by:
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DISCUSSION OF FORCE COEFFICIENTS

Measured values of least-squared-error drag and inertia coeffi
cients for the random and sinusoidal oscillatory flow experiments

are presented in Fig. 3. The values of Cd and Cm for random flow
are averaged over cycles of data having a value of [3' within one
standard deviation of [3r (based on the statistics of the period mea-


